This paper is concerned with the synchronization of discrete master-slave Sprott chaotic systems and its application in secure communication. First, we embed the message into the master discrete chaotic system. Then a discrete sliding mode scheme is utilized to solve the synchronization problem of discrete master-slave Sprott chaotic systems. The proposed scheme can guarantee the synchronization of systems based on the use of Lyapunov stability theory. The selection of discrete switching surface and the existence of discrete sliding mode are addressed. Finally, an illustrative example is given to demonstrate the validity of the proposed theoretical results.
Introduction
Chaos phenomenon has been generally developed and studied over the past two decades. Chaotic systems exist particular properties, such as broadband noise-like waveform, and depending sensitively on the system's precise initial conditions, etc. [Gui et al. (2006) ], [Chadli et al. (2014) ], [Zhou et al. (2015) ]. These properties offer some advantages for designing secure communication systems. Due to its powerful applications in engineering systems, both control and synchronization problems have extensively been studied in the past decades for analogue chaotic/hyperchaotic systems such as Lorenz system, Chua's system, ssler o R   system, Chen's system, Lur'e system, Sprott system and chaotic neural networks. Until now, many control methods for analogue chaotic systems have extensively been studied extensively in the literature, such as linear state observer design, impulsive control, adaptive control, sampled driving signal via Takagi-Sugeno (T-S) fuzzy model, continuous sliding mode control design, etc. [Agiza et al (2004) ], [Elabbasy et al (2004) ], [Rafikov et al (2004) ], [Liao et al (2006) ], [Liao et al (1999) ], [Sun et al (2004) ].
Sliding-mode control (SMC) is a characteristic kind of variable structure systems. In these two decades, sliding-mode control has been a useful and distinctive robust control strategy for many kinds of engineer systems. Depending on the proposed switching surface and discontinuous controller, the trajectories of dynamic systems can be guide to the fixed sliding manifold. The proposed performance on request can be satisfied. In general, there are two main advantages of SMC which are the reducing order of dynamics from the purposed switching functions and robustness of restraining system uncertainties. Many studies have been conducted on SMC [Chang et al. (2005) ], [Jang et al. (2005) ] , [Utkin (1978) ].
On the other hand, due to the progress of computer and DSP technology, using them to implement the controller has become more and more popular and important. Therefore, research in discrete-time control has become intensified in recent years, and it is quite natural to extend the method of continuous control to discrete-time systems. Over the past few years, it has been reported to many practical control systems. Several design methods of discrete-time SMC have been found in the literature [Hoz et al. (2014) ], [Yang et al (1996) ], [Chee et al. (2003) ], [Wu et al. (2010) ], [Zhou et al (2008) ], [Yan et al. (2008) ], [Lin et al. (2010) ].
In this paper, we aim to design a secure communication system based on the synchronization of discrete master-slave Sprott chaotic systems. First, we embed the message into the master discrete chaotic system. Then the discrete sliding mode scheme is utilized to guarantee the synchronization of discrete master-slave Sprott chaotic systems. After achieving the synchronization, the embedded message in transmitter can be recovered in the receiver. Finally, an illustrative example is given to demonstrate the validity of the proposed theoretical results. (2) with sample and hold process is given by
System description and proposed theorem
where T is the sampling time,
is controllable. Based on the master-slave concept for synchronization of the systems, the discrete master and slave Sprott circuits are described by the following differential equations (4) and (5), respectively. When sampling time 001 . 0  T sec, then the master and slave discrete dynamic systems via (3) can be obtained, respectively. 
between the master-slave systems given in (4) and (5) can be described by the following compact form:
It is clear that the synchronization problem between (4) and (5) becomes the equivalent problem of stabilization the error dynamics (6). In the presence of control function, the synchronization between two discrete Sprott models (4) and (5) . (7) Here discrete SMC design for secure communication system is to guarantee that the system can reach onto and maintain subsequently on the sliding surface. e converge to zero. After establishing an appropriate sliding surface, the next step is to design a discrete sliding mode controller to drive the system trajectories onto the sliding surface 0 ) (  k s . Lemma 1: [Yan et al (2008) ] For a discrete sliding mode control system, if it satisfies the following hitting conditions of sliding motion, then the trajectories of the controlled dynamics system converge to the sliding mode Having ensured the error dynamics converges to zero as discussed above, we can further obtain following result:
It means that the message ) (k m can be recovered in the receiver from the control input ) (k u . In order to avoid the chattering occurs, we can use the equivalent control with saturation function to replace the sign function [Lin et al. (2010) 
where  is an arbitrarily small positive constant. When we choose  enough small, then the control input ) (k u can be approximated by the following equivalent control ) (k u eq . Step2: According to (17), the sliding mode control law is obtained as follows: 
Experiment results
); ( ) ( ) ( ) ( ) ( 1 k qs k s k s r u k u eq          1 , 3 , 01 . 0 , 1     r q   (19)
Conclusions
In this paper, we have designed a secure communication system based on the synchronization of discrete master-slave Sprott chaotic systems. By applying discrete sliding mode control and Lyapunov stability theory, the problem of synchronization for discrete Sprott chaotic systems its application in secure communication have been investigated. An illustrative example has demonstrated the validity of the proposed theoretical results. 
